Results: Twenty-seven patients (11 blunt and 16 penetrating) with major cardiac trauma were evaluated. Injury severity scores (ISS) were similar for blunt (49.6 ± 16.6) and penetrating (39.5 ± 21.6, p = 0.20) injuries. Five of 11 blunt trauma patients, and 9 of 16 penetrating trauma patients, had detectable vital signs on hospital arrival (p = 0.43). Ten patients underwent emergency department thoracotomy and 11 patients had cardiac repair in the operating theatre. Eleven patients survived and 16 died. Survivors had a lower ISS (33.7 ± 15.4) than non-survivors (50.4 ± 20.4; p = 0.03). Two of 11 blunt trauma patients and 9 of 16 penetrating trauma patients survived (p = 0.06). Eleven of 14 patients with detectable vital signs survived; all 13 without detectable vital signs died (p = 0.00003). Ten of eleven patients treated in the operating theatre survived, while only one of the other 16 patients survived (p = 0.00002).
Conclusions:
Patients with major cardiac injuries and detectable vital signs on hospital arrival can be salvaged by prompt surgical intervention in the operating theatre. Major cardiac injuries are infrequently encountered at our center but patient survival is comparable to that reported from trauma units in other countries.
Background
Major cardiac injuries can be defined as injuries that disrupt one or more cardiac chambers. Major cardiac injuries are less common than other forms of cardiac injury, such as myocardial contusions, but they are responsible for most of the deaths from cardiac trauma [1] . The incidence of major cardiac injuries varies considerably from country to country. Trauma units in South Africa and the United States of America, for example, often have extensive experience with these injuries. Canadian trauma centers such as ours have relatively little experience with cardiac trauma. Patients with major cardiac injuries presenting to Canadian trauma centers may not be comparable to those reported from trauma units in other countries. Lack of ex-perience with cardiac trauma could compromise patient outcomes in Canadian trauma centers. We reviewed our experience with major cardiac injuries and compared it to that published from trauma units in other countries.
Patients and methods
The Hamilton General Hospital in Hamilton, Ontario, Canada is a regional trauma center serving a population of approximately 1.8 million people. A trauma registry (data collected prospectively) is maintained at our institution. We retrospectively reviewed patient records from this registry to identify all patients with a diagnosis of major cardiac injuries seen at our centre between January 1992 and January 2001 (nine-year period). Major cardiac injury was defined as a structural disruption of one or more cardiac chambers. Cardiac contusions were not included. Data was collected on age, sex, cardiac injuries, associated injuries, mechanism of injury, injury severity score, vital signs on arrival, emergency room treatment, operative treatment, and survival. Only patients discharged home from hospital were considered survivors. Continuous data are presented as means ± standard deviations. A two-tailed ttest was used to compare means. Fisher's exact test was used to compare categorical data. Statsoft software (Tulsa, Oklahoma, USA) was used. A p < 0.05 was considered significant.
Results
Twenty-seven patients with major cardiac injuries were evaluated at our center over the nine-year study period. There were 21 males and 6 females. Age ranged from 14 to 88 years with a mean of 38.5 ± 19.1 years. Eleven patients suffered blunt injuries and 16 suffered penetrating injuries. Blunt injuries were the result of motor vehicle accidents (7 patients), falls (2 patients), motorcycle accidents (1 patient), and bicycle accidents (1 patient). Penetrating injuries consisted of 13 assaults with a knife and 3 gunshot injuries. Injury severity score (ISS) ranged from 22 to 75 with a mean of 43.6 ± 20.0. Patients suffering blunt trauma had an ISS of 49.6 ± 16.6 and those suffering penetrating trauma had an ISS of 39.5 ± 21.6 (p = 0.20). Thirteen patients received cardiopulmonary resuscitation (including endotracheal intubation) at the trauma scene or during ambulance transport. Vital signs (pulse and blood pressure) were detectable on arrival to the emergency room in 14 of 27 patients. Five of 11 blunt trauma patients, and 9 of 16 penetrating trauma patients, had detectable vital signs (p = 0.43). Cardiac rhythms on arrival included sinus tachycardia (12 patients), asystole (11 patients), sinus bradycardia (2 patients), heart block (1 patient), and pulseless electrical activity (1 patient). Pericardiocentesis was done in 4 patients; it was used as a temporary treatment strategy in 3 patients and as a part of cardiopulmonary resuscitation in 1 patient. Ten patients underwent emergency department thoracotomy; one survived. Eleven patients had sternotomy or thoracotomy performed in the operating theatre for cardiac repair; ten survived. Cardiac wounds were repaired using a variety of non-absorbable sutures, with or without pledgets. Staples, balloon catheters, and cardiopulmonary bypass were not used. Twenty-one patients had an injury to one cardiac chamber and 6 had multi-chamber injuries. Twenty patients had ventricular injuries (right 12, left 8), ten had atrial injuries (right 7, left 3), and one had a septal rupture. Seven of 27 patients had an associated aortic injury.
Eleven patients survived and 16 died. All non-survivors died within 36 hours of admission. No late deaths from multiple organ failure or sepsis occurred. Length of hospital stay for surviving patients ranged from 4 to 52 days with a mean of 15.6 ± 14.9 days. Survival was not related to patient age (survivors 37.0 ± 20.6 years, non-survivors 39.6 ± 18.6 years, p = 0.73). Survivors had a lower ISS (33.7 ± 15.4) than non-survivors (50.4 ± 20.4; p = 0.03). Two of 11 blunt trauma patients and 9 of 16 penetrating trauma patients survived (p = 0.06). Eight of 13 stab wound and 1 of 3 gunshot wound patients survived (p = 0.40). The presence or absence of vital signs on arrival in the emergency department was predictive of survival. Eleven of 14 patients with detectable vital signs survived; all 13 without detectable vital signs died (p = 0.00003). Presenting cardiac rhythm was also predictive of survival. Ten of 12 patients with sinus tachycardia survived but only 1 with any other rhythm survived (p = 0.00008). Cardiac repair in the operating theatre was associated with improved survival. Ten of eleven patients treated in the operating theatre survived, while only one of the other 16 patients survived (p = 0.00002). Survival was not clearly influenced by the presence of single (10 of 21 survived) or multiple (1 of 6 survived) cardiac chamber injury (p = 0.19). The combination of aortic and major cardiac injury (7 patients) was uniformly lethal (p = 0.02).
Discussion
Our trauma unit, like many Canadian units, has relatively little experience treating patients with major cardiac injuries [2] . We treated 27 patients (penetrating and blunt injuries) in a nine-year period. In contrast, many trauma units in South Africa and the USA treat a similar volume of patients in a period of months [3] [4] [5] [6] [7] . The mechanism of injury in our patients was fairly evenly divided between blunt and penetrating trauma. Patients seen at high-volume cardiac trauma units are predominantly penetrating trauma victims [3] [4] [5] 8] . In many ways our Canadian trauma experience parallels that reported from European countries; there are few cases and gunshot wounds are infrequent [9] .
Given the low volume of major cardiac injuries treated at our center the question of clinical competency and patient survival is pertinent. Eleven of fourteen patients with detectable vital signs on arrival to our hospital survived. That is comparable to reports from high-volume trauma units. In one population-based study overall survival after penetrating cardiac injury was 19%, and survival of those who reached the hospital was 43% [5] . For major blunt cardiac trauma the survival is approximately 25% [10] .
Although our series was small the prognostic factors that we identified are consistent with those reported from high-volume cardiac trauma units [1, 2, 6] . Predictors of survival in our patients included presence of vital signs on hospital arrival, early surgical exploration in the operating theatre, absence of associated aortic injury, and absence of other associated lethal injuries (lower Injury Severity Score). Most other investigators have shown that the mechanism of injury is important, with patients suffering penetrating cardiac injuries having better outcomes than blunt trauma patients [1, 10, 11] . We observed a trend towards higher survival in patients with penetrating injuries but it did not reach conventional statistical significance (p = 0.06).
Our experience with emergency department thoracotomy for major cardiac trauma was disappointing; only one of 10 patients survived. We now follow the recently published American College of Surgeons' guidelines for emergency department thoracotomy [11] and forego this intervention in lifeless blunt trauma victims. On the other hand, the importance of early formal surgical exploration and cardiac repair in the operating theatre cannot be overstated [2] . It often proves lifesaving in patients with major cardiac trauma. We did not use cardiopulmonary bypass to facilitate cardiac repair in our patients, but we suspect that it may be useful in an occasional patient. Our perfusionists are not immediately available at all times, and that tends to limit the applicability of cardiopulmonary bypass for trauma patients in our unit.
Death secondary to major thoracic injuries usually fits into one of two familiar patterns: early death from massive injury and exsanguination, or delayed death secondary to sepsis and multiple organ failure [9, 12] . In this series of 27 patients only the former lethal pathway was observed. The small number of patients and the tendency of survivors to have isolated cardiac injuries probably explain the absence of septic complications and multiple organ failure in this series.
Conclusions
Although infrequent, major cardiac injuries treated at our trauma center had a survival similar to that reported from high-volume cardiac trauma units. Patients with detectable signs of life on hospital arrival can be salvaged by early surgical intervention in the operating theatre.
